Benthic foraminifers were studied in upper Eocene to Recent core-catcher samples from DSDP Sites 573, 574, and 575. The sites are on a north-south transect from the equator to about 05°N at about 133°W, water depth 4300 to 4600 m. At Site 574 additional samples were used to study the Eocene/Oligocene boundary in detail. About 200 specimens were counted per sample.
INTRODUCTION
The knowledge of deep-sea benthic foraminifers has increased rapidly since 1968, when the Deep Sea Drilling Project began to recover Cenozoic abyssal sediments. Several review papers have been published recently on deep-sea benthic foraminifers, such as those by Douglas and Woodruff (1981) , who include many previously unpublished data on Pacific faunas; Schnitker (1980) , who covers Quaternary faunas; and Miller (1982) . Only a few papers, notably those by and Tjalsma and Lohmann (1983) , have quantitatively described the benthic foraminiferal fauna in long sections (spanning more than a few millions of years).
Benthic faunas from the eastern Pacific (Nazca Plate) have been described by Ingle (1973) , Resig (1976 Resig ( , 1981 , Cσutbourn (1980) , and Boltovskoy (1981b) ; from the western Pacific by Boltovskoy (1980a Boltovskoy ( ,b, 1981b , , and Culp-Burke (1981) ; and from the central Pacific by . An important discussion of Miocene benthic faunas from 25 sites distributed over the entire Pacific Ocean is presented by Woodruff (in press ). The comparison of results of different authors is generally complicated by varying taxonomic concepts. Deep-sea benthic foraminiferal faunas are extremely diverse and contain many rare species, and taxonomic confusion is rampant.
The use of deep-sea benthic foraminifers in biostratigraphy is under current investigation. Detailed zona- tions comparable to those of planktonic microorganisms are not possible using benthic foraminifers. Boltovskoy (1976 Boltovskoy ( , 1978 Boltovskoy ( , 1980a Boltovskoy ( ,b, 1981a found that abyssal benthic foraminifers are of limited value in biostratigraphy; his arguments were based on his work on hundreds of samples (late Eocene to Recent) from the Pacific, Indian, and south Atlantic oceans. Miller (1982) stressed that biozones based on benthic foraminifers tend to be diachronous because of the relationship between benthic faunas and the local environment. Several authors (e.g., Douglas and Woodruff, 1981; Tjalsma and Lohmann, 1983) , however, agree that during times of relatively rapid change in benthic faunas, these faunas can be used for biostratigraphy, although their use is limited by geographic and depth migration of species and by taxonomic problems.
Studies of benthic foraminifers have contributed significantly to paleoclimatic and paleoceanographic reconstructions. Benthic foraminifers are rare in most samples from the deep ocean (mainly because of dilution with the skeletons of more numerous planktonic organisms), but they are generally the only bottom dwellers found in significant numbers in deep-sea cores. Therefore, they are the most important fossil group used in the reconstruction of bottom-water movements and changes in deep-water circulation (e.g., Boltovskoy et al., 1980) . Assemblages of benthic foraminifers were found to be correlated with specific water masses in the present oceans (see Boltovskoy, 1959; Streeter, 1973; Schnitker, 1974; Boltovskoy, 1976; Lohmann, 1978 , for the Atlantic Ocean; Belanger and Streeter, 1980 , for the Norwegian-Greenland Sea; Corliss, 1979a , for the Indian Ocean; Boltovskoy, 1976; Ingle et al., 1980 , for the southeast Pacific Ocean). Unfortunately, exact relationships between benthic species and properties of the water masses are not yet clear. For instance, Miller (1983) and Tjalsma and Lohmann (1983) describe that Nuttallides umbonifera is abundant in old, sluggish, oxygen-poor bottom waters, whereas conclude that this species {Epistominella umbonifera in their nomenclature) is indicative of young, oxygenated bottom waters in the western Pacific.
The records of carbon and oxygen isotopic ratios, which are based on analyses of tests of benthic foraminifers, also document changes in bottom-water conditions. The relationships, however, between the carbon and oxygen isotopic records and the record of changes in the composition of benthic faunas are not straightforward.
A major shift in oxygen and carbon isotopic ratios in planktonic and benthic foraminifers occurred worldwide in the earliest Oligocene, just above the Eocene/Oligocene boundary (e.g., see Kennett and Shackleton, 1976; Keller, 1983; Keigwin and Keller, 1984; Miller and Thomas, this volume) . Corliss (1981) documents that changes in the benthic faunas at that time were minor. Schnitker (1979) used DSDP material from the Bay of Biscay and concluded that a faunal turnover in the benthic foraminifers did occur at the Eocene/Oligocene boundary, but Miller (1983) studied material from the same sites and found that major changes took place between the middle Eocene and the Oligocene. These changes, however, cannot be dated unequivocally in the Bay of Biscay because of hiatuses in the upper Eocene. Tjalsma and Lohmann (1983) , , and Clark and Wright (1984) studied material from the Atlantic Ocean. They concluded that there was no major crisis in abyssal benthic faunas close to the Eocene/Oliogocene boundary, but that there were gradual changes from the middle Eocene through the early Oligocene (i.e., mainly before the major shift in isotopic ratios). In agreement with the conclusions of the papers cited above are reports by Miller (1983) , Miller et al. (in press), and Snyder et al. (1984) who describe deep-sea benthic faunas from the southwest Atlantic Ocean and the Bay of Biscay. Wood et al. (in press) come to similar conclusions in their paper on the benthic faunas from the Oceanic Formation on Barbados.
A major increase in oxygen isotopic ratios of benthic and planktonic foraminifers at high latitudes occurred in the middle Miocene. The increase in benthic foraminiferal oxygen isotopic ratios is recognized worldwide and is well documented in the Pacific Ocean (Shackleton and Kennett, 1975; . The latter authors report that a major change in benthic faunal composition occurred at the same time as the isotopic shift. Woodruff (in press) describes that migratory and evolutionary changes in benthic faunas from 25 sites all over the Pacific Ocean occurred at the same time as the shift in oxygen isotopic ratios. However, the "main phase of benthic evolution" occurred between 16.5 and 13.2 Ma (Woodruff, in press) , whereas the main shift in oxygen isotopes started later and had a much shorter duration (14.0 to 14.8 Ma, Woodruff et al.. 1 QR1 ; see also Pisias and Shackleton, this volume; Vincent and Killingley, this volume) . Berggren (1972) noted a change in the benthic faunal composition in the middle Miocene in the Atlantic Ocean, but he does not present isotopic data, nor does he give a more precise age for the event than "middle Miocene." A worldwide increase in carbon isotopic ratios in benthic and planktonic foraminifers predates the shift in oxygen isotopic ratios Vincent and Berger, 1984; Vincent et al. 1983; Vincent and Killingley, this volume) . No comparison between the time of this shift and the composition of benthic faunas has been made as yet.
The late Miocene shift in carbon isotopic ratios has likewise been recognized worldwide Haq et al., 1980; Bender and Keigwin, 1979; Vincent et al., 1980) . None of the authors describing the shift gives details concerning the composition of the benthic faunas before and after the event, although Vincent et al. (1980) report a sharp peak in abundance of Uvigerina spp. just below the shift.
In summary, there appears to be a general relationship between changes in the composition of benthic faunas and changes in carbon and oxygen isotopic ratios, but the relationship is not straightforward: faunal changes have a longer duration and start earlier. Several authors describe the isotopic events at the Leg 85 sites (Miller and Thomas, this volume, late Eocene and Oligocene; Vincent and Killingley, this volume, early Miocene; Pisias and Shackleton, this volume, middle Miocene; Prell, this volume, Pliocene) . This makes it possible to compare the isotopic records at Sites 573, 574, and 575 with the composition of the benthic fauna.
MATERIAL AND METHODS
I used material from DSDP Sites 573 (00°29.91'N, 133°18.57'W, 4301 m water depth), 574 (04° 12.52'N, 133° 19.81 "W, 4561 m depth), and 575 (05°51.00'N, 135°02.16'W, 4536 m depth) (Fig. 1) . The basement age at all sites is late Eocene. At Sites 573 and 574 basement was recovered, but at Site 575 the oldest sediment recovered was lower Miocene. Assuming that the initial depth of deposition at the ridge crest was approximately 2700 m (Berger, 1973) , Sites 573, 574, and 575 backtrack (see Berger and Winterer, 1974 , for methodology) from their present positions to about 3900 m depth in the early Miocene.
The sediments at all sites are siliceous nannofossil oozes and chalks. The preservation of benthic foraminifers varies from good to poor. Calcite overgrowth is rare or absent, but some dissolution does commonly occur. In many samples, especially in the older sediments, specimens show etching of the walls and detached last chambers (see Plates 1 to 15). Some samples (upper part of Holes 574 and 575) do not contain sufficient calcareous microfossils for study because of strong dissolution.
At Sites 573 and 574 core-catcher samples (about 20 cm 3 ) were used from one HPC hole and from the deeper rotary-drilled hole (573B and 574C, respectively). At Site 575 core-catcher samples were used from two HPC holes (575 and 575A). All core-catcher samples from these holes were studied, except those from the lower part of Hole 575A in which cores are shorter than 4 m. In this interval every second core-catcher sample was used. The sampling interval is about 0.5 m.y. averaged over the complete section, but the use of equally spaced samples does not mean that the samples are equally spaced in time. At Site 574 (Hole 574C), the lower part of the section, which spans the Eocene/Oligocene boundary, was studied in detail. From Core 574C-29 down to 547C-32 one sample per section was used, and from Core 574C-33 downward as many as five samples per section were used. The volume of these additional samples was 10 cm 3 . All samples were dried and washed through a 63-µm sieve. Samples from the indurated chalks in the lower part of the section were dried and then soaked in kerosene. The kerosene was poured off and the sample heated in water.
Species-specimen plots were constructed for several samples by plotting the number of species versus the number of specimens while counting the specimens (Fig. 2) . The species-specimen curves start to become parallel to the species axis at about 180 specimens; in other words, many extra specimens have to be counted to find a few extra species. Therefore, I decided to obtain about 200 specimens per sample and not use samples in which considerably fewer specimens were present. I made a strewing on a 5 × 9 cm picking tray to determine how abundant benthic foraminifers were in each sample. If fewer than five specimens were present in the strewing, the sample was not used. If more than five specimens were found, the amount of sample needed to obtain 200 specimens was estimated and a split of that size was made. If not enough specimens were found in the split, extra splits were made as needed. In the additional samples from Hole 574C, I counted all benthic foraminifers present, and samples with fewer than 180 specimens (total) were excluded from the analysis. All specimens counted were picked and mounted on Cushman slides.
Most core-catcher samples contained sufficient specimens for study (200) , with the exception of samples from the upper 95 m at Site 574 and the upper 30 m at Site 575, which represent the latest 10.9 and 12.4 m.y., respectively. These sediments show strong dissolution.
The entire size fraction larger than 63 µm was used, mainly because inconsistent results were obtained when the fraction larger than 125 µm was separated. Some samples have numerous specimens of Pleurostomella spp. and Stilostomella spp., and these linear specimens can pass through the 125-µm sieve. The number of specimens that actually pass, however, turned out to depend on the way in which the sieve is shaken (how vigorously and for how long). Since the majority of the benthic foraminifers are larger than about 120 µm, the results of this study can be compared with studies in which the larger than 125-µm fraction was used, but not with studies in which the larger than 250-µm fraction was studied.
RESULTS AND DISCUSSION
The counts of benthic foraminifers for all sites are presented in Appendix A, and the taxonomy is discussed in Appendix B. The relative abundances (percent frequencies) of the most common species and species groups are shown plotted versus sub-bottom depth in Figures 3 (Site 573), 4 (Site 574), and 5 (Site 575). Figure 6 shows some of the data on Figures 3, 4 , and 5 plotted versus time for the three sites combined. The time scale used to construct this figure was taken from the sedimentation rate curves in Barron et al. (this volume) , and is based on the time scale by Berggren et al. (in press) . (Note that a correlation of Anomaly 5 with Chron 11 has been assumed.) Figure 7 shows stratigraphic ranges for selected species at all three sites plotted versus time. Figures 8 and 9 show relative abundances and stratigraphic ranges for selected species for the interval in Hole 574C that was studied in more detail. 
Diversity
At all sites the benthic foraminiferal faunas are similar and highly diverse, as expected for deep-sea faunas (e.g., Douglas and Woodruff, 1981) . Generally, between 50 and 70 taxa are recognized in a sample if about 200 specimens are counted. Usually the single most common species makes up less than 15% of the total fauna. The average number of species is 58.0 (±6.1) at Site 573, 58.8 (±6.7) at Site 574, and 63.4 (±5.5) at Site 575. These numbers are not significantly different.
The number of species does not show a clear trend if plotted against sub-bottom depth (Fig. 10) or time (Fig.  11) . The diversity does not markedly decrease in more indurated sediments (Fig. 10) . On the contrary, the youngest samples (573-1,CC and 574-1,CC) have relatively low diversities. The data from Site 573 (Fig. 11) suggest that the diversity might decrease overall from about 6 Ma to present. The data, however, show considerable fluctuation, and this recent decrease in diversity is not unequivocal.
It is improbable that the fluctuations in the number of species are caused completely by the slight differences in the number of specimens counted per sample. Figure  12 shows that there is no significant correlation between the number of species and the number of specimens in each sample if more than 200 specimens are counted. Of course, counting more specimens gives more species, but only very few additional species are found for many extra specimens counted over 200 (Fig. 2) .
Samples with a low diversity (less than 50 species found) are 574-11,CC, 574-18,CC, 574C-9,CC, 574C-28.CC, 573B-3.CC, 573B-16.CC, and 573B-29,CC. These samples have little in common. Sample 574-9,CC contains abundant Pleurostomella spp. (27.1%), and Sample 573B-16,CC has abundant Nuttallides umbonifera (24.5%). Both samples have similar ages (19 to 20 Ma). Sample 574-11,CC contains abundant Uvigerina graciliformis (28.6%), a species that is also common in Sample 575-4,CC (14.6%). These two samples are the first samples below the interval with severe dissolution. The other relatively less diverse samples do not have a low diversity because of the dominance of a single species, but many species that are rare in other samples are absent. Sample 573B-9.CC is just below a hiatus (Barron et al., this volume), and the sediments were apparently deposited at a slow sedimentation rate. This sample and Sample 574-28,CC show severe dissolution in planktonic foraminifers (see site chapters, this volume); in those samples the low diversity may be caused by dissolution. None of the samples with a relatively low diversity has an extraordinarily low CaCO 3 content.
Generally speaking, there does not seem to be any one single cause for relatively low diversity. Both dissolution and primary environmental effects appear to be causes.
Composition of the Fauna

Abundant Taxa
Several species and species groups are common throughout the interval studied at all sites. These include Oridorsalis umbonatus, Gyroidinoides spp., Pullenia spp., and unilocular genera. Globocassidulina subglobosa is common at all sites, most abundant in the Oligocene, and decreases in abundance irregularly throughout the Miocene. The species is not common at Site 573, but it is present in most samples above 573B-5,CC (at about Zone N16 and upsection) (Fig. 3) .
Miliolids are common to (rarely) abundant, with a maximum relative abundance of 16.1% in 573-14.CC, but they are absent (except for single specimens in a few samples) at Site 573 below Sample 573B-12,CC (about 16.5 Ma, at the top of Zone N8). They are extremely rare at Site 574 from Sample 574-29,CC through 574C-4,CC (about 18 to 16.5 Ma, Zones N6 to N8) and below Sample 574C-25,CC (Zone P20). At Site 575 miliolids are all but absent from Sample 575A-1,CC through -10,CC (about 18 to 16 Ma, Zone N6 through the lower part of Zone N8). (All zonal assignments are from Barron et al., this volume.) In the interval between 16 and 18 Ma in which the miliolids are absent or extremely rare at all sites there is strong dissolution of planktonic foraminifers at all sites. Miliolids are reportedly less resistant to dissolution than hyaline species (Corliss and Honjo, 1981) , and thus the first appearances of miliolids may be dependent on preservation rather than immigration or evolution. Agglutinant taxa are rare to common, generally between 5 and 15% of the total fauna. They do not show major fluctuations in relative abundance (Figs. 3 to 5) . The most common species are Eggerella bradyi, Jhochammina globigeriniformis, Textularia agglutinans, and Siphotextularia catenata.
Both Epistominella exigua and Nuttallides umbonifera show strong fluctuations in relative abundances. E. exigua is present throughout the section, from upper Eocene to Recent. The species is extremely rare below Sample 573B-22,CC and 574C-19.CC (upper Oligocene, Zone P22). Higher in the section its maximum abundance is 16%. The increase in abundance of E. exigua in the late Oligocene may be related to the depth increase at the sites, since this species is mainly described from the deep ocean (although it has been found in shallow, brackish water by Boltovskoy et al., 1980) . N. umbonifera, with a maximum abundance of 25%, is fairly common to abundant throughout the section at Site 573, with strong fluctuations in relative abundance in the upper lower and upper Oligocene. The species is generally less abundant at Sites 574 and 575 (Fig. 6 ). At Site 574 N. umbonifera is rare in the lower Oligocene and upper Eocene. A modest peak in abundance occurs in Samples 573B-33,CC and -34,CC (10.6 and 9.4%, respectively) and in Sample 574C-27.CC (9.6%). These samples are approximately coeval (about 32 to 33 Ma). There is no evident correlation between the relative abundance of N. umbonifera and the paleodepths of the sites.
Pleurostomella spp. and Stilostomella spp. are common to abundant in the lower part of the section at all sites. Both taxa decrease in abundance from Sample 573B-10.CC upward, from 574-25,CC upward, and from . Pleurostomella spp. is most abundant at Site 574 in the lower Miocene (Zone N5). The Cibicidoides kullenbergi group is present throughout the section at all sites. It decreases in abundance at Sites 573 and 574 in the upper Oligocene and increases again in the Miocene (Fig. 6 ). Other fluctuations in abundance of the Cibicidoides group cannot be correlated between the sites. The taxon is common to abundant at all sites, but it is the most abundant at Site 574 in the upper Oligocene (upper Zones P19 to P20).
Uvigerinα spp., Bolivinα spp., and Buliminα spp. are generally rare but common to abundant in a few samples. Abundant Uvigerinα grαciliformis occurs just below the level of strong dissolution at Sites 574 and 575; no other fluctuations in abundance of these taxa can be correlated between the sites.
Stratigraphic Ranges
The first appearances (FAs) and last appearances (LAs) of selected species at all sites are plotted versus time in Figure 7 , and the timing of these events is given in ranges of occurrence. Determining the FAs and LAs is problematic in deep-sea benthic foraminiferal faunas because many species that have FAs or LAs are rare and thus have discontinuous occurrences (Fig. 7 , Appendix A). Chance may be the main determinant for the exact range of rare species. FAs and LAs can be either evolutionary (evolutionextinction) or migratory (immigration-emigration). Migration can be either geographic migration or depth migration (or both). Evolution, extinction, and depth migration may be worldwide (although not necessarily synchronous), but study of sites in a small area cannot give information on geographic consistency of datum levels. It is not clear which of the observed FAs and LAs are local and which ones (if any) are useful for correlation over a larger area. Clustering of events (FAs and LAs) at specific levels, however, suggests that major changes in the environment of the deep sea occurred at those times, either on a local or more widespread scale.
Many species do not have similar occurrences at the three sites, and thus their FAs or LAs are not consistent even within a relatively small area in the equatorial Pacific. Some species have a continuous occurrence at one of the sites and are rare or absent at the other sites (e.g., Buliminα microcostαtα occurs at Site 573 only, and Cibicidoides aff. mundulus is common at Site 574 but extremely rare at Site 573). Probably some differences in LAs and FAs from one site to another are caused by uncertainties in biostratigraphic correlation, but there is no consistent offset in ages between the sites. Some of the 3 to 10 specimens (between 1 and 5% relative abundance)
More than 10 specimens (more than 5% relative abundance) Not found, presumed to be present LAs are apparently caused by local processes, because they appear to be related to dissolution. Several species (e.g., Stilostomellα lepidulα and Pleurostomellα obtusd) disappear below the interval showing strong dissolution at Sites 574 and 575 but extend into much younger sediments at Site 573, where dissolution is less severe (Fig.  7) . Possibly the disappearance of these species at Sites 574 and 575 was caused by the same changes in the environment that later caused strong dissolution and not by differential dissolution, as is shown by the species not appearing to be solution-prone in samples lower in the section.
Although there is no evident correlation between diversity and time or sub-bottom depth (as described above), the total number of species decreases with time. At all sites there are more LAs than FAs (32 LAs versus 19 FAs at Site 573, 29 LAs versus 15 FAs at Site 574, and 16 LAs versus 6 FAs at Site 575); thus, there is a net loss of species. Since more than 200 taxa were recognized, the number of species per sample may appear to remain constant even when the total number of species declines.
Stratigraphic Events Late Eocene to Oligocene
At Site 574 datum levels (FAs and LAs) cluster between 32 and 37 Ma (Figs. 8 and 13 ). At Site 573 few data are available for this period, because there is a fora- minifer-barren interval spanning the Eocene/Oligocene boundary (see site chapter, this volume). Relative abundances of the most common taxa are shown in Figure 8 and stratigraphic ranges of selected species in Figure 9 . The most common taxa in Eocene and Oligocene are Globocassidulina subglobosa and Oridorsalis umbonatus, both present throughout this period. Other common taxa are the Cibicidoides kullenbergi group (see Appendix B for taxonomy), C. pseudoungerianus, C. grimsdalei, Anomalina spissiformis, Nonion havanense, Pullenia spp., Gyroidinoides spp., Pleurostomella spp., and Stilostomella sp. Epistominella exigua is rare below Sample 574C-18,CC but present throughout the interval. Nuttallides umbonifera is likewise found throughout the interval but is most common (relative abundance 6 to 14%) above Sample 574C-19,CC. Below this level its relative abundance is generally less than 6%, except in Samples 574C-27,CC (9.6%), 574C-32-1, 102-104 cm (6.6%), and 574C-33-4, 39-41 cm (9.5%). Uvigerina senticosa, Bulimina alazanensis, and Fursenkoina cylindrica (tri- serial group and biserial group in Fig. 8 ) are relatively common (1 to 5%) below Sample 574C-33-5, 26-28 cm. From the upper Eocene through Oligocene in Hole 574C, 168 taxa were recognized. Of these, 85 range throughout the interval; all the most common taxa are among these 85. In total, 60 taxa are too rare to establish a range, and 11 taxa have a LA. Nuttallides truempyi has its LA in Sample 574C-33-4, 141-143 cm and does not occur from Sample 574C-33-4, 90-92 cm upward. The LA of this species is generally considered to be a reliable marker for the Eocene/Oligocene boundary (Tjalsma and Lohmann, 1983; Miller, 1983; Snyder et al., 1984) . The relative abundance of TV. truempyi is less than 8% in all samples. Seven other species have LAs relatively close to the LA of TV. truempyi, i.e., between about 35 and 37 Ma: Buliminella grata, Gyroidinoides planulatus, Alabamina dissonata, Gavelinella micra, Osangularia interrupta, Resigia westcotti, and Fursenkoina cylindrica. Osangularia mexicana has its LA in Sample 574C-20,CC, Stilostomella verneuilli in Sample 574C-20,CC and Cibicidoides pseudoungerianus in Sample 574C-17,CC. All of these species, except C. pseudoungerianus, are rare (less than 6% relative abundance, but usually less than 1 to 3%). The two Osangularia species together have a maximum abundance of 9.5% (in Sample 574C-34,CC). Most of the LAs are of local significance only, given that the species occur in the Oligocene elsewhere Corliss, 1981) . Gyroidinoides planulatus extends into the Oligocene at Site 573 (Appendix A). At Site 574 the clustering of FAs and LAs between 32 and 37 Ma might have been influenced by a relatively rapid water-depth increase during this period when the site was close to the ridge. The extinction of TV. truempyi and Resigia spp., however, represents the extinction of endemic abyssal taxa that were important constituents of the earlier Eocene abyssal faunas in the Atlantic Ocean (Tjalsma and Lohmann, 1983; Miller, 1983) .
Several species have a FA in the period between 35 and 37 Ma: Bigenerina nodosaria, Eggerella bradyi, Cibicidoides laurisae, C. aff. mundulus, Karreriella bradyi, and Cassidulina crassa. Cibicidoides laurisae and C. aff. mundulus are the only species in this group that attain relative abundances of greater than 5% in some samples.
The high-diversity, low-dominance fauna at Site 574 resembles the coeval deep-water faunas described by Tjalsma and Lohmann (1983) from the Caribbean and south Atlantic and by Miller (1983) and Miller et al. (in press ) from the Bay of Biscay. This fauna was called the Globocassidulina subglobosa-Gyroidinoides spp.-Oridorsalis spp. fauna by these authors. In the Atlantic this assemblage replaced the middle Eocene TV. truempyi fauna near the end of the middle Eocene. The transition was not found at Site 574 because no middle Eocene sediments were recovered.
At Site 574 TV. umbonifera is not as abundant as in the Oligocene in the Bay of Biscay (as much as 25% relative abundance; Miller, 1983) . The species is present throughout the section, but it has only modest peaks in abundance (9.5%) in Sample 574C-27,CC (Zone P19) Number of specimens Figure 12 . Scatter diagram of the number of species versus the number of specimens for all samples (Sites 573, 574, and 575). Data are'included from the additional samples used in the detailed study of the Eocene/Oligocene boundary in Hole 574C. and just above the LA of N. truempyi (Zone PI7). Stilostomella spp. and Pleurostomella spp. are more abundant at Site 574 than in the Bay of Biscay. The fauna at Site 574 also resemble the fauna described by Corliss (1981) from DSDP Site 277 (southwest Pacific). A notable difference is the abundance of N. umbonifera, which at Site 277 has a peak in abundance (25 to 30%) at about the same level as a shift in oxygen isotopic ratios. The modest peak in abundance of this species at Site 574 is just below the shift in oxygen isotopic ratios (Miller and Thomas, this volume) .
Coeval faunas described by from DSDP Site 516 in the south Atlantic (paleodepth less than 1700 m) resemble the Site 574 faunas in that they contain abundant Cibicidoides spp. and Oridorsalis umbonatus and common Pullenia spp. and Gyroidinoides spp. Bulimina spp. and Uvigerina spp., however, are much more common at Site 516, whereas Pleurostomella spp. and Stilostomella spp. are more abundant at Site 574.
Generally, the observations at Site 574 agree well with Corliss (1981 ), Miller (1983 , Clark and Wright (1984) , Snyder et al. (1984) , Miller et al. (in press) , and Wood et al. (in press) in that no major changes occurred at the Eocene/Oligocene boundary in the dominant species of benthic foraminifers, although some relatively rare species have FAs or LAs close to the boundary.
The dominant species do not show large variations in relative abundance between 32 and 37 Ma. There were, however, considerable shifts in oxygen and carbon isotopic ratios (Miller and Thomas, this volume) : 0.9 and 0.6‰, respectively, between Samples 574C-33-1, 113-115 cm and 574C-33-3, 113-115 cm, which corresponds to a period of about 0.4 m.y. (Fig. 13, event 1 ). There was no change in composition of the benthic fauna in the late Oligocene (29 to 30 Ma), which is the time of another shift toward heavier oxygen isotopic ratios (Keigwin and Keller, 1984; Miller and Thomas, this volume) . This suggests that the fauna had wide environmental tolerances, which is also indicated by the dominant species being long ranging and cosmopolitan and occurring over a large depth range in the present-day oceans. The tolerant character of the fauna is also shown by the lack of change in the dominant species while the water depth increased by more than 1000 m.
Some of the fluctuations in relative abundance may be the effect of differential dissolution. According to Corliss and Honjo (1981) , Gyroidinoides spp. is more solution resistant than C. kullenbergi, O. umbonatus, and N. umbonifera, which are about equally resistant. Globocassidulina subglobosa is also resistant . However, dissolution effects probably do not completely obscure the faunal compositional fluctuations. The abundance of Gyroidinoides spp., a resistant group, is similar to the abundance of this taxon in the Bay of Biscay (Miller, 1983) . Furthermore, the less resistant Cibicidoides spp. are abundant throughout the lower Oligocene, where dissolution of planktonic foraminifers is usually severe (Saito, this volume). Stilostomella spp., described as "least preservable" by , is common in all samples.
Early to Middle Miocene
Many FAs and LAs cluster in the upper lower to middle Miocene. The exact limits of this period of change in the benthic faunal composition are not easy to locate. At Site 573 the upper limit is at about 13 Ma, the lower limit between 18.0 and 20.1 Ma (no data are available between these data points). The lower limit is at about 18.2 Ma at Site 574, where the precise position of the upper limit cannot be determined because of strong dissolution in the upper part of the section. At Site 575 the upper limit cannot be determined because of strong dissolution, and the position of the lower limit is not clear. The changes appear to start more gradually here than at Site 574, between 20.5 and 18.5 Ma (Fig. 13) . When the data for the three sites are combined, it appears that the majority of the FAs and LAs occur between 13 and 18.5 Ma. The event rates, that is, the number of FAs and LAs per time unit, are comparable at the three sites at about 4 events/m.y.
Since many FAs and LAs occur in the period between about 13 and 18.5 Ma, faunas from before and after that period are easily distinguished (Fig. 6 The LAs are not all precise, since the "old" species decline in abundance and become very rare before they finally disappear. Anomalina spissiformis is extremely rare in the interval younger than 21.6 to 22.0 Ma; the rare occurrences higher in the section might be due to reworking. Typically, Pleurostomella spp. and Stilostomella spp. are much more common in the "old" than in the "modern" fauna at these Pacific sites (Fig. 6 , decrease in abundance at about 16.5 Ma). Bolivina striatula is found only in the interval of maximum change in benthic faunal composition (FA at 18.0 to 18.6 Ma; LA at 15.5 to 16.4 Ma).
From the range of ages found for the first and last appearances, it is evident that detailed benthic foraminiferal biostratigraphy using the present data set is not possible within the interval between 13 and 18.5 Ma. The detailed sequence of FAs and LAs is somewhat different at all sites (Table 1 and Fig. 7 ) (see also Barron et al., this volume) . Detailed patterns in the relative abundances can generally not be correlated between the sites because the time resolution as given by the sampling interval is not precise enough. The fauna at the three sites is similar, but many details are different, such as the fluctuations in the abundance of Epistominella exigua and Nuttallides umbonifera and some fluctuations in the abundance of Pleurostomella spp. (Fig. 6) . Therefore, fluctuations in abundance observed at one site must be interpreted with care and cannot be seen as results of general changes in bottom-water circulation.
It must also be emphasized that the total relative abundance of specimens belonging to species that have FAs and LAs is generally between 20 and 40% of the total fauna and that between 60 and 80% of all specimens in the fauna belong to long-ranging species. Thus, Boltovskoy (e.g., 1980a,b) was able to conclude that the benthic deep-sea fauna has a stable character and shows hardly any changes since the late Eocene. and Woodruff (in press), on the other hand, emphasize the less abundant taxa and conclude that a major faunal turnover in benthic faunas occurred in the middle Miocene. The "turnover" is definitely observed at Sites 573 to 575, but it affects less than half of the fauna. In addition, the "old" species are not completely replaced by "modern" species, as is seen from an increase in the relative abundance of the long-ranging species from an average of about 62% to an average of about 75% between about 18 and 17 Ma. A maximum of 80% of the specimens in present-day faunas and about 50% of the species in the deep equatorial Pacific belong to species that have been around since the late Eocene.
During the interval from 13 to 18.5 Ma, several isotopic events were recognized. A shift in oxygen isotopic composition of benthic foraminifers occurs at 155 m subbottom depth at Site 574 (Pisias and Shackleton, this volume). The duration of the event is about 30,000 yr., and the age is estimated as 14.6 Ma, using data from Barron et al. (this volume) . This agrees well with the estimate of for the age of the largest shift in oxygen isotopic ratios at 14.0 to 14.8 Ma.
Vincent and Killingley (this volume) recognize several events in the isotopic and calcium carbonate records from Sites 573 to 575. They describe a period of δ 13 C enrichment in planktonic foraminifers between 22.7 and 20.7 Ma (see events A and B on Fig. 13) ; the beginning of a warming trend, i.e.. lighter values of δ 18 θ at 19.5 Ma (event C , Fig. 13) ; the beginning of increasing dissolution and lower CaCO 3 content at 18.7 Ma (event D); a major shift toward heavier δ 13 C values centered at 17 Ma (event E); the peak in the warming trend (i.e., the lowest values of δ 18 θ at 16.5 Ma; event F); a shift toward heavier δ 18 θ values at 14.6 Ma, which is the shift also recognized by Pisias and Shackleton (this volume) (event G); and stronger dissolution at 13.3 Ma (event H).
The isotopic events (a carbon shift at 17 Ma and an oxygen shift at 14.6 Ma) postdate the beginning of the changes in the benthic faunas and are within the period of change in the faunas. The beginning of the faunal changes seems to be best correlated with (i.e., slightly later than) the increase in dissolution (event D, Fig. 13 ) at 18.7 Ma, which reflects a change in bottom-water properties. describe a major change in benthic faunas in the western Pacific (Site 289) that is coeval with the shift in oxygen isotopes at 14.0 to 14.8 Ma. The benthic fauna at Sites 573 to 575 resembles the fauna at Site 289 in overall characteristics, although Site 289 was considerably shallower (paleodepth 2300 to 2400 m, Woodruff [in press ], versus 3900 to 4100 m at Sites 573 to 575). Epistominella exigua is much more common in the lower Miocene section at Sites 573 to 575 than at Site 289, as are Pleurostomella spp. and Stilostomella spp. The events in most species of the Cibicidoides group are difficult to compare because of the complicated taxonomy, but C. wuellerstorfi has a FA at 16 Ma at Site 289, which agrees well with a FA at 15.0 to 15.6 Ma at Sites 573 to 575. Melonis barleeanus has a FA at about 14.3 Ma at Site 289, much later than at Sites 573 to 575, where it has a FA at 18.4 to 21.1 Ma.
In general, the faunal events described for Site 289 by and for the deep Pacific in general by Woodruff (in press) are similar to the events as described in this paper. Woodruff and Douglas, however, conclude that the timing of the faunal changes correlates well with the timing of the shift in oxygen isotopic ratios, although the greatest isotopic change (14.0 to 14.8 Ma, predates and is of shorter duration than the main faunal change (13.2 to 16.5 Ma, Woodruff, in press). The difference in opinion as to the beginning of the main faunal change (at about 18.5 Ma in this paper) may be caused by several factors, including the difficulty in determining the precise level of FAs and LAs of rare species. Furthermore, not all age models for the sites described by Woodruff (in press) are well restrained. In addition, the part of the section deposited at Site 289 between 16.9 and 18.5 Ma was apparently deposited at very low sedimentation rates (about 6.3 m/m.y.) (data from Savin et al., 1981, p. 445) , and Woodruff and Douglas do not present data from this time interval. Similarly, Woodruff (in press) presents relatively few data from the interval between 16 and 19 Ma: for paleodepths of more than 3 km, she gives data on 40 samples between 13 and 16 Ma and on 11 samples between 16 and 19 Ma.
In conclusion, data from Sites 573 to 575 suggest that changes in the benthic fauna occur roughly in the same time interval as changes in isotopic ratios, but the faunal changes start earlier and have a longer duration. The beginning of the faunal changes may be related to the beginning of increased dissolution at about 18.7 Ma. Keller (1981) suggests that a major change in bottomwater circulation occurred at about 20 Ma: after the opening of the Drake Passage, Antarctic Bottom Water reached the equatorial Pacific. Either this event occurred later than suggested by Keller (1981) , or the benthic foraminifers took about 1.5 m.y. to react to the changes in the bottom-water masses, which seems unlikely when contrasted with the fast reactions of benthic faunas to glacial-interglacial events (Schnitker, 1980) . It is also possible that another event caused the faunal changes and increased dissolution. The short-term changes in isotopic ratios may represent a sudden adjustment to changes in ocean circulation resulting from positive feedback processes (Berger et al., 1981) . However, these sudden adjustments do not seem to occur at the same time as major changes in bottom water as perceived by deep-water benthic foraminifers.
Post-Middle Miocene
Data on the last 12 Ma are available from Site 573 only because of strong dissolution at the other two sites. The data from Site 573 cannot be compared with the data from Site 289 , where an important change in the benthic fauna occurred around 9 to 10 Ma. At this time Uvigerina spp. increased sharply in abundance, probably because the site fell under the influence of the deep oxygen-minimum zone.
At Site 573 the number of FAs and LAs per time unit is relatively low between 12 and 7 Ma (Fig. 13) , is higher between 7 and 5.5 Ma, and remains relatively high until the Recent. These data suggest that further research on benthic foraminifers from this period could prove interesting, because the increase in the event rate of the benthic fauna at 7 Ma occurs close to the time of an important shift in carbon isotopic ratios (e.g., Savin et al., 1981) at 6.2 Ma.
Foraminiferal Turbidites
At Site 575 a number of distinctive, coarse-grained, fining-upward foraminiferal turbidites were recognized (see Site 575 chapter, this volume) which were probably derived from a nearby seamount with a present-day elevation of about 1000 m above the seafloor (water depth at the top of the seamount about 3500 m). Benthic faunas in samples from the turbidites are distinct from the in situ faunas (Fig. 5 and Appendix A) .
Most of the turbidites contain abundant large, thickwalled specimens. The abundance of these large specimens is apparently the result of size sorting in the turbidites, but the specimens of some species in the turbidites are much larger than any specimen found in the pelagic samples (e.g., Globocassidulina subglobosa, Favocassidulinafavus, and Eggerella bradyi). These observations suggest that these species attained larger sizes at shallower depths on the seamount. A similar depth-size correlation in G. subglobosa has been observed by Corliss (1979b,c) in the Indian Ocean. The hypothesis that some species of benthic foraminifers are smaller at greater depths (more than 4000 m) is supported by the observation that the specimens at Sites 573 to 575 are overall smaller than specimens of the same species from shallower depths (e.g., .
In most turbidites G. subglobosa is more abundant (relative abundance up to 38.6%) than in pelagic samples (Fig. 5) , and E favus and E subfavus are abundant (relative abundance up to 53.4%) in turbidites from Sample 575A-3-2, 142-144 cm upward (above 110 m subbottom depth). E. caribbea is common (11.8%) in a turbidite sampled at 575A-8-5, 110-112 cm. Several species are absent or extremely rare in the pelagic samples but are frequent in the turbidites, including species that have been described from stratigraphic intervals lower than the ones in which they are found. These include Bulimina jarvisi (Oligocene), Hanzawaia cushmani (Eocene), Planulina renzi (Eocene-Oligocene), and Buliminella sp. (Oligocene) (all from . All these species were found in lower to middle Miocene turbidites at Site 575. Eggerella propinqua and Uvigerina spinulosa were found only in the turbidites. CONCLUSIONS 1. Many common to abundant species in deep-sea benthic foraminiferal faunas in the equatorial Pacific have long ranges and probably wide environmental tolerances. Taxa with limited stratigraphic ranges generally make up between 20 and 40% of the total fauna.
2. Diversity is high (50 to 70 species per 200 specimens) and not correlatable with time or sub-bottom depth, although the total number of species decreases with time; in other words, there are more last appearances than first appearances.
3. First and last appearances of taxa (whether they are evolutionary or migratory) are concentrated in two periods: in the late Eocene to early Oligocene (32 to 37 Ma) and in the early to middle Miocene (13 to 18.5 Ma).
4. "Old" species are partly replaced by "modern" species and partly by long-ranging species. The latter increase in abundance from about 62 to 75% between 17 and 18 Ma.
5. Post-middle Miocene faunas are readily distinguished from early Miocene and older faunas, but the transition is slow (about 6 m.y.). Characteristic "modern" species are Melonis barleeanus, Francesita advena, M. pompilioides, and Cibicicodes wuellerstorfi. "Old" species include C. grimsdalei, C. mexicanus, C. laurisae, Bolivinopsis cubensis, and Pleurostomella acuta. Stilostomella spp. and Pleurostomella spp, are more abundant in the "old" fauna.
6. First and last appearances of the above taxa are within 1 to 2 m.y. at the three sites, but the first and last appearances of many other species differ widely in age at the different sites. No data are available to assess whether some of the events are correctable on a larger scale. Some events (FA of C. wuellerstorfi) correlate well with the western Pacific, while others do not (FA of M. barleeanus) .
7. Carbon and oxygen isotopic events occur within the periods of relatively high rates of change in the benthic faunal composition, but the isotopic events start after the initiation of the faunal changes and have a shorter duration. The beginning of the faunal change can possibly be correlated with a period of increased dissolution of CaCO 3 .
8. Data from foraminiferal turbidites (Site 575) suggest that several species (e.g., Globocassidulina subglobosá) attain a larger size at shallower depths (about 3,500 km versus 4,500 km). This species shows considerable variability. In my opinion, it is closely related to C. mundulus (Brady, Parker, and Jones), C. mollis (Phleger and Parker), C. kullenbergi, var. S. (this study), C. aff. mundulus (this study), and C. pseudoungerianus (Cushman) . This classification does not take into account bi-or planconvexity of the test, since this varies considerably in type material of C. kullenbergi. I call specimens C. kullenbergi if they have a keel and if the . sutures on the involute side are curved strongly and thus join the keel tangentially. C. kullenbergi, var. S. also has strongly curved sutures on the involute side, but there is a kink in each suture close to the umbo, and the sutures do not join the keel tangentially. The species is keeled. C. mundulus also has a keel, but the sutures on the involute side are not or hardly curved. In C. mollis the later chambers of the last whorl are not keeled, but inflated; the sutures on the involute side in these inflated chambers are not curved. C pseudoungerianus does not have a keel. C. aff. mundulus resembles C. mundulus, but the keel tends to be lobate and very thick; the specimens are larger. Generally, C. kullenbergi has more cham-
